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DEVICE, MICROWAVE VACUUM TUBE AMPLIFIER AND DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a field emission 
device utilizing the electron emission characteristics of a 
nano-conductor. 

SOLUTION: This field emission device deposits nano- 
conductors on a board 1 1 generally in the form of an 
aggregate 30 of wires or fibers, which do not have 
definite directions and a high aspect ratio in an 
entangled form. The aggregate 30 in the entangled form 
is exposed to an electric field vertically applied to the 
surface of a film during field emission. A loose nano- 
conductor end 10 in the structure tends to rise and align 
itself along a power line, so that the nano-conductor end 
10 exposed to the electric field and aligned can be 
provided. Because of the indefinite and entangled nature 
of the aggregate 30, its density is adequately low and 
conforms to a criterion of d/h>0.1. In order to produce 
an aligned nanotube ends having an equal height, the 
emission characteristic is optimized by trimming the end 
parts as desired by the use of a high-temperature blade 
or spacer or by the use of a laser beam. 




■V 91 




11 



LEGAL STATUS 



http://www19.ipdl.ncipi.go.jp/PA1/result/detail/main/wAAAo6ayw6DA41 3057146... 2006/01/1 1 



» 



1 



d9) Bxmmit (jp) 02) 3St ff# tfr 45t ^[ (a) (nmmthm&mm^ 

#^2001-57146 
(P2001-57146A) 

(43) 'AM B ¥J«13*P 2 R 27 B (2001. 2. 27) 



(51) IntCL 7 
HO 1 J 
B8 2 B 
HO 1 J 



1/304 
1/00 
9/02 
23/06 
29/04 



F I 

H 0 1 J 1/30 
B 8 2 B 1/00 
HO 1 J 9/02 
23/06 
29/04 
*H# §f2&E<7>»Cl5 



r-73-r(##) 



OL (^15 H) ft*ffi3R< 



(21)tti«#^ 


ft«2000-216032( P2000-216Q32) 


(71) fflHA 


596077259 


(22)WSB 


¥f8l24£ 7 £17 B (2000. 7. 17) 




Lucent Technologies 


(31)«fcffcfc«## 


6 0/1 442 7 7 




Inc. 


(32)«£B 


¥j«ll4p 7J315B (1999. 7. 15) 




T^U*-g*H 07974 ra-S^t^ 


(33)«Jfctt*SH 


*H (US) 




— . vi^-kjk v»>>^> t^jl— 


(3l)«fc|fci38#*t 


0 9/3 6 9 8 0 2 




600 -700 


(32)«fcB 


¥J£H¥83 6 0(1999.8.6) 


(74)«SIA 


100081053 


(33) 


*® (US) 







(57) [gfa] 

H»«ccw. feon^R® 

cD»^ft3 0<D«fl8^c*«i i±fic*«r*. ^on/c 
w»®«^*3ob. wi«ffi*K*msiftccfti*>5 

(DittfC, *<D«tttt-H*K:ft< . d/h>0. lOStt 






*»31 



<4 




11 



I 



(2) 

1 

0\ 1. 0-1 OOnm(?)gi(DiSiO. 5-100 
aH6*B±a>¥*»**3 ©4>tt < t £> 0 . 1 £ 

^ y * - -fe > :/ y „ 

'Jo 

M^CD^x ^ ? # * 30 

ns^y K<h, 

fulfil -/ X ^-;l/3K*OHUiB5ta88B». S?IBx 
C 811*18] X^lfi, 

HusssertccgBasn/cS-T-jSi. 40 

W IB Kf) ft -9* 4 «Eff ffl 3 i± & /c tf> (c Su IBX^g 

ifiti $ n/c v ^ * p mmmao t zm? s v ^ ^ a 

OT8B«-?iS«, 3**^78BtS<D«»iSttlK«*SfeCi 

^-K<t, 50 



^2 0 0 1 -57 1 46 
2 

mtBx^ ^ ztmzrs- K<boraccgBfisn/cy- h 

fg:dt is 1 f ai£(D rt>y;s:t^ 
^riBT-fe>^ , ;cDfrfass^ iWBav-K*^*, 

«TlB^-/x-5r-;i/z»i*cDfiiaJfeiS8l5tt, b5IBxs?*£ 

(A) UStffllTS^^i, 

( B ) mrf B«Eo*m±cc, *©*ffi*6iSS*rniK:f* 

BiftBa^H<D^i^BIS»^i^*lS$<DO. 
1 fiS«±<fc a & J: 5 CCj^StTS * t* v :/£ *WTSC 4 

[fftPB 1 1 3 BufB¥^IKIEI»«, MfB^?I<*iS 

$<D0. 5(S«±r*-5C<fc*«Fa<fc'r-5l»*]ll OIB 
[f»#JBl 2] tyx>rw^ft7t>^'J©ISjgJ 

<b) mmMwtfrb+sx*~A>m»*m&9it& 

im&Sl 3] (C) 2»ft:*gRSS1±5BfflL/fcM« 
^Ci^#®4^^li*Jil 2iB«8©^-/^4r-^2»* 

(A) ^7Ltt*ffi«rWr&»«*««r*^^^^4, 

(b> afi^if^eiBS^tc^i^^x^-jww* 

^5C, BfrfB*««ffi©7LrtCCJBfiE-r4Xf*^4, 

C»*3H1 5] (D> ^*^S3-t±^smo/cM^ 
««IHO»«fi(lt*»lSnS**fc«>«:, BtilBS«^fflc7) 
W^M!Sttf4r^A^-r^xf^, ^36tcW^ 



I 



3 

[0 00 1 ] 
[0 002] 

gt*£/c, —MKKCttx » ? »^ ? ^*ifi< {effigy & if 
o\ » WMI^ ^ a - ^* ti 4. 

S<D75 ? F;**JU^*:7Wr*4. fflittf. Semi 
conductor International, 1991^12^, p. 46 ; C.A. 
Spindtffi, IEEE Transaction on Electron Device 
s, vol 38. p. 2335; I. Brodie and C.A.Spindt. 
P.W.Hawkes^f v Advances in Electron Physics, v 
ol. 83, p. 1 (1992) ; „ SE>\ J. A. Cost eel ano, Han 
ctx)ok of Display Technology, TilirX 
X, p. 254 (1992) &C8a4S£*VCl>£. 

[0003] se*<D»i?fta^^^ h^jvf^^i/ 
y » f (x«y-h) »tt«Kcfnns£on(cfea3ti 
MtfEftM f y ^ ^R^y- haii*<Dratc»EE*tti7La 

tt&WiSx*;^- (40 0-5, 0 00 eV) £jR 

jWFtc^*&. BCclHlilCci*. *a«F»* 

4. 940. 9 1 6f, 15, 129, 8 5 0^ Jg 

5, 1 3 8. 2 3 7 -S|, S5, 2 8 3. 5 0 0-^fCiaiB 

[0004] *»ttmr -fe >^ y cds * te*HW***Pc 
am****. iEt?mr*&ciBiiwr* 

©Hrtr^^o ft*WttCMos@B«stauf««Wtt 

CDPalP^l Mm) Tii. — (RWCCtt, 2 5V/Mm*ft;« 
lOOmA/cm 1 JUiOttfflr* & C <k J^Si 11^ 



(3) ttm2 0 0 1 -57146 

4 

[00 0 5 ] fie*©ttfiWf4«, -H»OTCC«. #H (M 
10 o9) X»«l^ v (Sim r&& 0 

(filOOV) o iSlifflKRWEl*. *>«*CCJ:Sti 

20 r«m*Stt*>Ti>o 

[000 6] mtl ^^T^e> Fx ^ 9 dKCF-etiK: 

■aLfcttHittatt. 12 9, 8 5 

0. 5, 1 38, 2 3 7, 5, 6 1 6, 3 6 8, 5, 6 
23, 1 8 0, 5, 6 37, 9 50, 5, 648, 6 9 
9, Stf>\ fflfHBk Appl. Phys. Lett. vol. 6 4, p. 
2742 (1994) . Kumarffi, Solid State Techno!, vo 

1. B14, P. 2060 (1996) KlPg^3tlTv>& 0 VAT*: 

30 t % r& % mmmmm (3 omA/cm 1 ^) t-cd^ 
[0007] j-y*^~)i,<Dm& (J~sm&) 

i)K nlfi6tt*tt«)fc v ffflftWIiS 7^<tLTffl3HL/ 
T£fc a iBSl. O-lOOnmSCFS? 

0.5-1 0 MmO* - y©tffi«:J|^8tte*ttt 

iSC^TX^^ Fit ( 1 . 0 0 0 
«±) i/h3tt^7^ft**a (1 ~50nm) ^« 

\F<rymm*4. 405. 76 8 

©T.Keesmann, Rt>\ RinzleKife, Science,, vol. 26 
9, pl550 (1995) , ^ISflfe, Dpn.J .Appl .Vol. 37p. L 
346 (1998) , Wangffi, Appl .Phys. Lett. vol .72, p29l2 
(1998) , SO', Bonardfft, Appl .Phys. Lett. vol .73, p 
918 (1998) -CHjj%3ti?l>&. S i XiiGef©*S 
mtW* - X L /c£#t4^ ^ «<D^ $ /c*R^ 5 
*iri>-6o 09;U£, A. M. Moralesffe, Science. Vo 
50 1, p. 208 (1998) KfaiJcS *TTl>& 0 



r 



5 

[0008] j&fatt**— ET«ft< , ttx 

*MK)*4»»Ct ^WK«fi$«S«&a. Ren 
f&, Science, Vol. 282, p. 11055:0*, Farrffi, Scienc 
e, Vol. 283, p. 512tCM5S34lTt»4. 
[0009] 

[0010] 

[ooin *»?BK:«eofc, &msim¥M&ftj- smw 

[0012] 

4, WKtc^|fii14<7>*4/h3C^S (0. 8-1. 3n 
[0013] *WBIA«. 

l» art*? c©ffiiBUTi»snijPB** 



(4) #^2 0 0 1 -57 1 46 

6 

[0014] c©iBi»i, iWStto^ifirtafe©***** 

tl^il (a) £ (b) *#RB-rti«, KffKC«P§6a> 

Sjysfifc^SM*! o«. SKI 1©*H*> 
6{#c>*ri^ a HI (a) rtt. Jt 
«W«i— ttTOK**r&. 0 1(b) rfcM-y'SH* 

[0 0 15] ^iten/c^fSt^OBWSL/fc^^fleCCJ: 

ti60^77tt, ^CD«fim2»f*<DffflPS/iSScr)J:b^ 
(d/h) «rS0ytfe(Dt?A-6. d/h>2. 5TiS, 

»a5©«fttt, pJ«B&ft**»«:*OT^Sc4^3&> 

tl^, d/h<2. 5tlt SSB<0«fl[«fiTL*&a> 
Tl>& 0 d/h = 0. lm Ifi«h=300nm 
(12) rft6ti«fe^tt0tt*>tt6 5X*C> h= 1 
20 0 0 nm (03 ) -C»6*l4ft*«fl[(30ffll*»fi5 0%"C 

[00 1 6] 02, 0 3C>->5 :* U-->3>S*C*. 0 
1(c) SMI (d) tC7jrfi:5&. tetffKK?!!©* 

CD#t* 10 (0 1 ( c ) ) XK/Mttft 1 5 (0 1 
( d ) ) ©MOffiSffiHPSii, d/h>0. 1(D-ISJ« 

40 5», »*0<WiI>tt<i*>2 0»«:itflDr4. 

[ 0 0 1 7 ] 04 ( a ) - ( d ) 14. iESKM^ ^^ft 

€>„ 04 (a) (CS^-T <fc^^. 

tbO#t^Xi«tt©m^tt 3 0 <D««t?«g 1 1 ±CC* 
50 m.&0. 8-6nmt, L,l£Uli$i<DJ&Vifct>ti&<D& 



I 



7 

mvcDTz^? htb«. — rntMc 1 0 0 - 1 0. 0 0 

C 0 0 1 8 ] *S<*-fe ^ ^ y ^3cJ*# y ^Qzgft 

tt, t^gWi, fflittf. JinteteJ:* 1 9 9 

2 5 BfcHBWX " Artticle Comprising Enhanced Na 

notube Emitter and Prosess For Fabricating A 10 

rticie" tm^zfoco. m^m&t<P<Dimftftmms . 

N. 0 9/2 3 6, 9 6 6 ^Cg^^GTL>£affi*ffiffl-r 
ISt*m*il*fflK:aiaK:ttto4^»«»K:BSn*. a 
4(b) teijrr.fcSK:, c<Ofeon/cWffl©«jS«»r , i© 

WUfc^^SlfWIl 0W6ti4. Sli^f* 3 0 CO-S L 

< s d/h>o. i ox96c^s-r4. hc«3*»-3 

m<t?2>C±&X~£Z> 0 C(D<t^3tch V Jin 
ffi«:<tS. 1 9 99¥ 1^25 BtHBR<D> " Artticle 
Comprising Enhanced Nanotube Emitter and Pros 
ess For Fabricating Article" £H5£$5<E>» I^JH# 
««*©*S#*rttllffiS. N. 0 9/2 3 6, 9 6 6&C 
B*BecE*3*iTC»*. B4 (c) tt, A^-V3 1£ 30 
«fflLft:jlJWa»»l OACDh U 5>^£sft9!U 04 
(d)B, hy 5>^K:j:"3»6n^:BICJBS3©^-/* 

[0 020] tt^d/h^ttST4/c«)Cr)¥^lSBBici^ 

ifc— ttfiSCWte, ¥#Jffi$Sd=/~ (cr/7C) , CC 

»Rfc.£iBr*ft«. TOKSHt»«c^-/*»*a®* 40 
tctt, hit *«^6^^«ft<DIiaBSr<DgEI!l©¥^ 

tire**- ss#jmwfcw—r fifesc^ 
*>r3&>a»©^^»f*oiiBikoTJc. eras zee 



«fBB 2001-57 146 
8 

z = 

T£>«5. W-mt. ±X<Di- /i*(C"3i>t«»6h4. 
d©fii«. ±fE©cfcSCC > ±gPS*Siffi±cD. .✓»{£© 

coo2 1 ] T§p«igffi«, * smfcmow-tsmz-cvk 

4. ffletcati-ri^ig-eti. aw. z = i/2x (z 

i ) VIZ i ©WSCCfcO, CC-CjjntUi£T©;h^ 

T^g«ffi©RS©^i*© 2 ccusm, sinr 

\<>i>m<Dd/hbtmis, mmmtcmmtLtcmcowimK. 
©c-rs. mm. ±x<D-r ym^^^x^hn 

x > v > y^nii-f s c t cc «fc o pffi-r -5 c i a*-c 

[OO22I018B, *8RS«^BSL/fc. &6#>D# 
ifc&fceEif&lt -Y t- 4 O^^oSS 1 1 £ffifl?TSffiS 
y ig#T -fe > 7- 'J ©ft#©l?3t*ffi*^ 0 r l» 

(DMmtVX, Fe, Co, N i XCi^-tl 6 ©&{&$)& 
•?-©aWffl& ^ t m&T h C i CC <fc «3 . ft&S 
S^iUl-C^-So Ctl6©*4-?-©^*5Cot. l-50n 
nOSI^W^ L(r>. 1 - 1 0 n m©liH-C£>ft«J: 0 
»*L/^o ftB«^©SS^'-H2> htt. 5 0%^^ 
WS-C&S. 3 0%«T-C*ntfj:s?if$ Lt,>„ 

[002 3] *tl*»6iR^8W>BEIi. ififflL-^tf 
<<\ H5?.C*RSm*'X^©ji7ctt#Hmr-^a 

Fe, CoXlcZN\<D± S%L**i&£j&y- -( h <t LT^E 
CC^tii Sl)©*ffiiLr. ^-^^©fiSSBuCCjg 

#s^©7c©«i?T-cafflM7c£tft,:>u ^mccBa-rci 
cci o r &mM.tma.+<»mmitz mv z> c t #-c# s„ 

•T-5.0 -e©aSCot. — occci. ^s^cc^wsns 

^^©Sfi-'-J-^^ h ZmWLX^ZtcltoX'.lb*) . 

[002 4] m^m-i V ^oSi^ft *>ifc<D-H 
S5r, (a) - (d) CC^f. 15 (a) Cci^-T.!: 
^ (C> M«i*S^ 4 0(1 3Q-f F XttttR&KCc&jtt 
0, jO^o, >>XJb5 0*^6SS 1 1 CCX7"lx-3n6 0 

05 (b) CCTKf^^CC, ««tt*t«W-. 
U-L/^M^^f*. (^II^C*, Cu) . -fe^S? 

^ <m«. sio,) xic£#>j-?<D#MMmxm'>c 
tic£K>^ x^u-i fcM^^f oxmmftimMvj; 



9 

«05 (c) (C^L,-C(->6„ c ©#&-?:*- yjg<*©&£ 

ao^-^ftscitrs. ^©asm. (d) 

[00251H6 (a) - (d) B. -f h£f# 

B(Fe, Co, N i 3?) 4r> 911116 0. 1 - 

2 0nm©©H©Ja#£J#o|K£LT. fb^KfiiM?. « 

StfS, S«l IB. WK&BI»l©«HF««4^*ttjt 

t». **aat»*i|HK*B*«:**«:0-r**3l*iBc 

r. iissro^Ma. w*.tf. 200 

-600-c-eo. 1 - 1 omm<Dmm*&vz. *m 

ttXBS2<D»ia*WS EI 6 (b) tc^-r*^ 
K. r -f 7 > K 6 1 ©Jft£«. IrtOOT*-M^** 

Cti£©SfcNBfcT-f ^>K6 1 «. Tsmmwm<D&£. 

«?), 06 (c) CC^-f J^ic. #!4^@KJ;-o-C. Cft 
£ (06 <d> > . 

[002 6] 0 7 (a) CCijVr J: 3 K . M!«a : F4 0 4 
^?Ltt©StS 1 1 A (c mtimtc&Mr -5 C i K J: 0 . 

>xb-> y *^©y y 2>?im*W)K mm~c% zrnii 7 

0 ©&*>-§&©<&(<: 4 0 4aAlt. SSI 1 

AiLttfflSni.. jffl?L7 0«. t-^Xl - 1 0 0 n 
m©«EH-C. RIPl/fc»7Lr**Ci3Wff*Ot>. «B5 

«. @Bin©jt£«*. ^11x7 y. x«. ^Hfc^ft 

liUimS. 07 (b) 
5«C. ^-yzS($l 0«. M^T^ff-TSifflTL^e.© 

titm-rz. i-smmx> h&&*kc. m& 

OS'S. 0 8 (a) ti. ■€•©<£ 5 Kj&miteMfl&A 

tism-rt. c corns, ftmmms i z^ftwtcmi c 

(b) #M!jIS§5 HCjrSSB^W^S^^b. 

08 (c) ^©f£*£i;S:*-yig{*i 0©iB^g© 



C6) ^BJ2 0 0 1 -57 1 46 

10 

[0028309 (a) - (c) iCm-ri&(0(e!Mtm 
(J. £?L»X«1 lAKWifrrs (09 (a)).I« 
©:f .AWfl 7 0 &t. #WL/fc^jgX«X7 y 9 0> 
(S. ^*>©JfJrM$£JS (Co. N i . F e) 

x^y^&A-rs. x^u-^sx«^*^©©#fc 
.toaA^fT^cias-css (09 (b) > . 

io bp*>«s#/?u *ffl?Lrt-cM^7'r7> K9 1 4jf^^-a- 

i> (09 (c) ) . j£?L3l©g|ffi£, -£iu!»6»W»«KC 

ifeaoxtiw^^Jraxur. ®sij^s©M«st4^s.o'^ 

(09 (d) > . *C-CTsm&l 

-iM h*>6R£St--5 (09 (e) ) . 
[002 9] $> €>m^fetti©ffli^ r». H^ljL/c^yJS! 

ixiiisso'y-- tm<Dm&icj:z>stti>mteik:%L&m 

a£», lt-c*S. 05 -9&cfaiSt-r£SI'Mg*T-tz>7' 
y*smm*. 1-sm#H&2*:2 0%©^bSrt{C. hy 
ft-TSC4CcJ:0. 0 9 (c) © 

[ 0 0 3 0 ] II. *^S*#fetB»g 

&MLtci&®&mt y m#r -fe > y «, •? j $ umz 

issctai® (— «aw«c«^i - 1 0 umcom 
30 is) icmgTzmmy- vwM<Dn&c^<o . -msuc 

[003 HBlOtt, <g,$smMi-sm#m3-T-b>-7- 

1 0 1 ^m-r^-mtvtcm^-miiimmi 0 o^^w 
icmurc>s. yy » k 1 0 1 «. m^SttoT-fe^^y 
40 tmmi 0 2 t©ratcid®sn^^»^*-c*s 0 yy 

r-fe>7"ytc+»«cfi<«:seML. »m*iii*i-rs (St 

tb-TS^^^tt^ 2'7'©l OumW- ®W) . C©ifi 
T-5B#©^pJtlT?*S. 

[0032] yj?K10 1B. — M&K.. fflitTJl 5 
1 0 4CCJ:OKffil 0 3frF>ftffi$tlZ>. #<J vW, 

&%c<Dmn i o 5<t*ic, « 

50 iXSlf *I^.^C ^fiBRC^Piffi 



« i 



11 

[0 0 3 3 ] y U * KBBP 1 0 50^lt -flSW&C 
tt, (R Am) tO. 05-100wm 

«T3^W*ir, 5/xmtiT^<fctlW3pJ"C*So PJJBOHJ 10 

$>£o y»J v K -HKffJtett, 0. 05- 
100/imOSIit$)«3 ( 0. 0 5- 1 0 /zmrt*W3pre 

[0034] yy? F3W**tt4tt. — «a*jjc«. c u . 

Cr. Ni. Mo. X«-£ft6<D-££2ScD£IB*»fciI.j! 
F«. flE*M>llK4H^«JCWRWnttx 20 

* > ytc j: 0 ffl^-r s„ y y » f b . 

5, 68 1. 19 6Rtf5, 6 9 8. 9 3 4 (CfB*S;**i 

tcafcwa^- >«ttx 5 » * *. ussy- f nn«s«9 

[0 03 5] C©J: 5 &**fty- F MDOfltifittt*. 
WE0fc5 . 6 8 1. 19 B-WSflFfClBtt OfcS^v;* 

yjf 3 9 zmmtmm®.. (-«wk: 

5 w mJ&lT. <fc <558S*ff5fC« 1 u m<DSWffi%«t5 30 

y>y«cJcD^*^&^©_t(ciifg3l±.S. ^-n#>6C 
ft6©tfr?*»rS©<&«KliJ#L&**6. CuXUCr 
^©^B'&SSStttcliSIS-eS. RMfttMlicJ: 9 . « 
^t4^-iBT©x 7 it. mm&m$:fttcZ!: 

[ 0 0 3 6 ] 0 1 1 «. JU±© <fc 9 ft*frf-"?* ^86fi£ 40 
-f 1 10*. ??#W-C^S^y^l 0<D±{CB<. |6 

atm o4ao £ yy » f»#»i 0 1 ifeitsiLTt. 
i>-?z>. 7x^1 1 o%w.*)ffi< t. i-smwi 0 

[0 0 3 7] 01 2tt. v^i/ojgS^«i9ifiSSgS- 
(TWT) . ©HSCWaWffiH"C»*. ttttltt. »« 50 



:f#M 2001-57 146 
12 

Cfcg 12 0, H-^ft 1 2 1 (DBVtt^f-m. 
A*flMI*B9A*iSAa«l 2 2. ST^A^M-^i 

fj&12 4£^ts. TWT©S^. ft!2©i?rg&1f;&ft 
A£jtUfcTr£fctf)©iR3l?lS (HmStittlO . HWjv 

WT-Cti. -Uftfi-JCUi. ffiSfPffl^ 1 2 3 ». JESiSE 

y-f^-rfts. m^gfci 2 it*. i^e-A*, 

[ 0 0 3 8 ] m 1 3 mmj-t&m 130. m^&aj* 

SJiaSif Z>tcib<D— <@3U;t^*xULh©yy ? F 1 3 1 . 

n^-zz-i>.< l cmm-?2>M.mnmi 3 2. st^ fg«:e 

-A 1 3 4 £*B5<1UBfl£jg!f2j 1 2 3K*)J®^-*fcfe©M 
□©^-Sfiiffil 3 3£fSit*K S£*©m^4«BSWtc 

g<,\ »c»m^t-A*iwxft-c*s 0 yu- 

[003 9] f^SS 1 3 ORW y f F 1 3 1 «. 012 

©TWT(cteW£^tr-Affl©s-?«~e*s„ ttffi 

( 1 ) mmxkr<§mm<m%ifr h(Dmm<D&mtj: bx-n 
^afiKStai-r^^Rs-T?**. ( 2 ) istje©« 
( 3 ) m^few©iSsitt!&5|^KW(cii^*)n^^s 

JBia©^. (4) *^TlB»©/h3%O?>3&i0*J^-o 

^^f-A^om-rciASojftg-c**, s^*. (5) 
ar-So ^*©^-i'^>^ffi<fc>[tMe t J«:> wit^fx 

<3 . ( y y » F ^iSgKf *> t* - A^IBI©»^© J: -5 
(C. ) TWTfRttt?. 5@^fb/ctBS^^©ffiffl*i 

njtg-c**. -e©tt*. J:0*c». J;f)3>A-?|-%g 
[0040] 01 2Rum 1 3 «t^-r$§g©fps>B$tc 

«. m^- f- A 1 3 4 b. y y f F 1 3 1 SO'RiS 1 3 
3{cfinAfciSmE(cj:(3l^ffi^6ttl3ST|»„ *ft*>e>« 

^tr-A«tasfpffl«jg!gj 1 2 3 (c-> a y h sn. -ec 

■C*^-b--A(*-7-<^D^A7Jft^<ktl5f ; ffflO. ^© 



I 



13 

mummm®! 2 3^^^umm^tmcmmxm 

#1 2 4^4^5. 

[0 04 1 ] * smftZ^-AlCLtt&fe®*:*? A Pa 

mcwjfu &mm&<D&i& * war s « w r b * < % 

*Krstr-A^»^ci*«r***/j>Sfe«d>s-& 

A^ftL^C^cfc^tCT^Ci^M^LC^ «fK\ 
[0 042)ilU>XOTrt^ot < #HO&>6 

[0 04 3] ^tiiK. »WP©«*«^<©/h3C^sl<v 

^ v zicimmimm&wmz&zc tec <fc 

[0044] *»9Btt, JB«ft«:**^>S*43fcSa* 

**Wi tester, ^1©, BP<o**^y 

* FtlfflU tCttt-»|O^J ? KtffitttiTCff 
HI 4CC7kTJ:^CC, v KfltffittB. 

H»r*ft«<fc9^SWT-*S. ^y ? K2g#l 0 1 
A, 1 0 1 B. 10 1C, 10 1DH J6i»104 
A, 104B. 104C. 104D3^e>»iL, 



C8) ftm 2001-57 146 

14 

mO 1 4O0EM4S265. SHOrtfC*5tyj|»x 
^^10^ ^@2»#1 4 1 KJ:93d3<*n, 
BS&l 1 ±CC*£. £f y ? F2§(*1 0 1 A - 1 0 1 D 

<£>o 

[0045] x * * £ ( i o i a > ccsfeac^— sa y 
y* ksccb* -Hftwcctt, •©/<-yt**»i*.. yy 
^ fhp i 4 oco^ia<cDm^jKm^«)*iJLT. sia^ 

Sbfi^rWf ^e-Accm^-r^o * KB, 

[0046] — #a<D^y * fb, — »kkcb, fkm± 
20 ©nprifttfttt^ o. 3*6 2r*ntt<t 

0 5^6 1 0 0 um<D\6M&^T2> 0 'J>lX<±t>0. 1 
vmX&tli&tommv&K) , 'Ptz< ifeO. 2umX%> 

tx\z&v)nzmx$>*> 0 CCD— #gCD^V v KB. ?L<D 

otttti«s^€cfqnNT&. 5i*»< yy kb, — « 
[0047] ^H^y ^ Kfltii«9«. «»c7)«JK*afc 

^^>o ^y » FiJWttl 1 0 1 A - 1 0 1 DtDflC^B, — 
ISWCCB, 0. 0 5^6 1 0 0 um<Dmmx$>t) . 0. 
13^61 0 amr*fttf<fc9S»*Wr** 0 » F* 
MB. — «W«CB, Cu, Cr, Ni, Mo, W, X 

£o Eill0 4A-10 4Dit — fiSW^CB. ^>y^7 

40 [ 0 0 4 8 ] m 1 5 Ccfct^r, - 1 5 0 Bv — 

fiftWKB, »«ttt* («*B. Fe, Ni, Co, XB 

BfSW5tt^-y--fXB. — »WCC 
B. ^^it^-CO. l-2 0/imO«I-C*4 o ?Kt^O 

y ar FitJft«©JW»acct*K»ft-9^*c^ *6^*x 

50 -n— y*M ( 1 0 4A- 1 0 4D) SO'^y y F«f*IB 



15 

( i o i a - i o 4 d) z&mc&mxz y ztcmm 
i 6o*aa:©«*i©4iriwt-r*. -t<ws*. & 

ifV y b'ffimW ( 1 0 OA - 1 0 0DM1 0 1 A- 1 

oid), s»i s&i&x.* i ocomm 10 
[005 0]»fiUc7^^i60B, — awwc, 

1 . 0 - 2 0 u m<0&m<DWifaO^Wck&Z , «x. 

as, ii>a<ifeisaK:sp«-&fis©r^-^ 

tt* 1 6 0*ffl«T-5Ci«pJ«Br*4. C©*>f^(D 20 
WfiU/cvx^3Ht^©aW«c»f*{Ctt, Cu, Al, 3? 

y tr^u-fer*- k #y t*— jur^a— #yr^y 

BABS) , S^'Jv (Wttt, PMMA) . X 

ssccasw-rss nacd #&&o a 
[OO5H014 ©iwsiyy- h «it«j©a®»« 30 

x««*swamu s i«©*m©«^) x« 

ffltt^JK (Cu, Mo. N b , W, Fe, Ni, 
[0 05 21 01 4flO^^*#«rdWrSI»flfcbJ:^ 

Bifv y fwhm. mj*>i&mmM<DiK*)(,c. tw 40 
[0 0 5 3 1 S1 3Rcnai4©^^aH*«Htw». a 

*D05^^W^ 0 ( 1 ) (gmSJfetli^t'-A(D 



^2 0 0 1 -57 1 4 6 
16 

& e (2) WfttlB**. **aWcHBE3*u *titt, ^ 
■J * FHPIHR£ttJ: 0 ( 3 ) *H ^ 

< 4 > QD*<Da«#s, Mtc^-f e-A4M?tS 0 
[0054 1 iJWOt^iHit^^KUcxs 

^u-^ 3 >) xw f y*- FRtt (ip^ttS-yy 

S(*x; * *»«<Difi«CcjB«a[OHPy- h^^f* 

[0 0 5 5 ] tw*:/^ flj&rra, x^wc^ 
aw©/c&, ^ix?^^TO^cimu 

(D«cai^^>h^. — flSW^^, 1 0 0x 1 00 urn 2 
©tf^-bil/SO 1 0 4 «_hcD^fil^^y^:Ji«T^>o C 
5 - 1 0 0nm<DWtRm&$:i$~o1~smft<D0. 
0 1-1 %(OffiSiafK4ttS. *«5B{cfc»Sx5 •> ^ 

[ 0 0 5 6 1 0 1 7 b % *%w<D^y«f*x ^ 7 zmm 
mzmn-rzy^y h^iawfttaif^^u^t 

os^SMrtrx ^ 7 ^ 1 ofrhmtix&motcm 

iio2^ fl mw&mimfoi7 o±t,c&f&2ti?> 
mmrnt* 1 0 2 K^m^n 1 7 1 en, 

< , h 1 0 1 ^*6«yi 1 0 4 cc<fc 0 mm 1 1 4Bin 

[0 0 5 7 ] P!@4xs v*4©ra<DM»4?BBIU * 
10 HCj:0»DiiU, PSffi»i*B10 2 (HttWKtt, 

ft® 1 7 1 ccffi^*r€>cD-c, t^-y ^^u^^^n-5 e 

[0 0 5 8 ] 



J 



(10) 



17 



SH200 1 
18 



5 7 14 6 



[01] (a) (b) tt. S£*(D^y^:{*r-fe>^tJ<7) 

H£?stttt*tMii'rsBL (c) <d> a. i&mam 
[02] Ti2>^»;cD^>^cDmwism^^ hifi<oD 

Hfi*. »l<D«»f3«:»-r&«fcl»«Lfcffi(* (d) 
»2©«K3K:»-i-&*fcl»«L/ftirai (d) 

[04] fi*tts^^8w*r-b>^y*«a-r**ffi* 
mrrsia. 

[0 5] fiffigst yiftrt > ^ u 

[0 6] «*Rffl^-/«*T-fe>^y*»J6'r*#«* 

rots no. 

[08] <s**5[^>'»»r-b>^y*«jB'r**ffi* 
rotsSo 

[09] fiafKffl^^aiiftT-fev^yiRjfi-rs^ffi* 

ROT£0o 

[011] ««flSrr-fe>:7 
[0 12] fi§ggMT-fe>^ 

[013] tsssmr^>^ 

[014] ««ftfflr-fe>:/ 

£3tT0 o 

[0 15] feffimgLT-te^? 
[016] ffigSS7-fe>^ 

£3tr0 e 

[0i7] <as£ssr-fe>^ 
[018] ««fl®^ ^»t*r -b>^'j*isijsr4*ffi 

4ROTS0. 

[W*W>R(H] 



y*«jBUfc*»tttti«« 30 



1 

1 OA— 9ft 



1 1 

1 4 

1 5 
30 

3 1 
40 

5 0 

5 1 
60 

6 1 

7 0 
9 0 
9 1 
1 0 0 
1 0 1 
1 0 1 
1 0 2 
1 0 3 
1 0 4 
1 0 4 
1 0 5 
1 0 6 
1 1 0 
1 2 0 
1 2 1 
1 2 2 
1 2 3 
1 2 4 
1 2 5 
1 3 0 
1 3 1 
1 3 2 
1 3 3 
1 3 4 
1 4 0 
1 4 1 
1 5 0 
1 6 0 
1 7 0 
1 7 1 
1 7 2 



tftSMI 



Sffl?L 

AttKT-f^> F 

yy*F 

- 1 0 1 D-yj FVtt 



-10 4 D- 
□ 



y y » f 



BEST AVAILABLE COPY 



*SH 2001-57 146 



mi] 



[018] 



10 




V 



10 



(a) 



(b) 



s : : ~ 

n 



40 



[06] 



00 



60 



5 



a) 



L — TL 11 




11 



i 



10 



11 



15 ^ 



10 



15 



(c) 



10 



■ K»> 11 



11 



(d) 



[BIO] 



[0 11] 



5=? 1D1 





1 

104 




1 IM 



BEST AVAILABLE COPY 



(12) 



^20 0 1 -57 1 46 



[02] 



0.4 



0.3 



m 

| 0.2 



0.1 



T > 1 1 1 1 I r 

h f = 300nm 



i — 1 1 1 i i 



• i 



I r 



-J I L 



1 1 1 1 r 



I 1,1. 



-2 



-1 



log(d/h) 



mi] 



312] 



40 70 



40 70 



40 



p)rii~Lrii~Lrii~Lj~ijnir^ 



40 



10 



10 



10 



V ^40 « 



122%^ 


« 

GO 

b / il 










12$ 

2- 















123 



[013] 



132 



(-1/133 



— pa 



134 



MAS 
124 



my 



132 



ESi AVAILABLE COPY 



(13) 



&m 2001-57 146 



OS 



r 



0.4 ~ 



03 



6 



0.2 



ai 



J I u 



[03] 



1 I | I 7 

hf = 100 nm 



" i " * 1 1 r 



i I i i j_ 



i 1 1 



-1 

log(d/h) 




00 



1 j / 40 



Jv*n 



i j 



[04] 



30 




10 6x**7*l 




to 





^31 




[08] 




SEST AVAILABLE COPY 



(14) 



^200 1 -57 1 46 



[09] 



[131 4] 



70 11A 




GO 



11A 





1~ 11A 



[015] 





7V* 






140 






4 K - 








T— 


104C«sJ= 



















140 



140 



IB 



f U 




ll m — h 



[SI 6] 



^40 T*1— 






(51)Int.Cl. 7 

H 0 1 J 31/12 



F I 

H 0 1 J 31/12 



(##) 



(15) 

(71)t£MA 596077259 (72)2£0^ 
600 Mountain Avenue, 
Murray Hill, New Je 
r s e y 07974- 0636U. S. A . 

T^V^^^ll. 07076 — a — + 
^Jl/ 50 



^2 0 0 1 -57 1 46 

'J^^ftiL 07946 — is*— is 

:/ 145 

324 

^7 ^ ^ — 

T^y^^H, 07059 ^-^vt-y 

4 



